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Abstract
Noncommutative (NC) space-time leads to some strong constraints
on the possible choices of gauge groups and allowed representations
of matter and gauge fields. The standard model based on U(3) ×
U(2) × U(1) can be transcribed to NC space-time consistently with
these constraints [1]. In fact, through two new symmetry reduction
mechanisms, this gauge group is reduced to the usual standard model
one. In this paper, we show that, on the contrary to the usual standard
model, the Goldestone boson equivalence theorem is violated due to
the incompatibility of the new symmetry reduction mechanisms with
the electroweak Higgs mechanism.
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1 Introduction
One of the most important questions in particle physics is related to the UV
completion of the standard model (SM). For this purpose, we are interested to
construct the SM in noncommutative (NC) space-time because NC geometry
appears in string theory with a nonzero B-field [2, 3, 4]. In field theory on NC
space-time, one encounters new properties such as UV/IR mixing [5], Lorentz
violation [6] and CP-violation [7]. In particular, we have new restrictions for
the construction of a gauge theory on NC space-time [8].
In NC space-time, the coordinates of space-time are operators and, in the
canonical version, obey from the following algebra:
[xˆµ, xˆν ] = iθµν , (1)
where a hat indicates an NC coordinate and θµν is a real, constant and
antisymmetric matrix. To construct the NC field theory, according to the
Weyl-Moyal correspondence, an ordinary function can be used instead of
the corresponding NC one by replacing the ordinary product with the star
product as follows:
f ? g(x, θ) = f(x, θ) exp(
i
2
←−
∂ µθ
µν−→∂ ν)g(x, θ). (2)
This correspondence leads to some new restrictions on the NC gauge theory
which are gathered into a no-go theorem [8]:
• The only possible gauge groups in the NC space-time is U(n) denoted
by U?(n).
• The fundamental, anti-fundamental and adjoint representations are al-
lowed for the U?(n) gauge group. In particular, for arbitrary fixed
charge q, only the matter fields with charges ±q and zero are permis-
sible in the U?(1) gauge group.
• When we have a gauge group constructed by the direct product of
several simple gauge groups, a matter field can be charged under at
most two of them.
Therefore, the collection of these constraints imposes severe challenges in con-
structing a consistent and realistic noncommutative standard model (NCSM).
However, this problem has been treated with two different strategies. First,
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the usual standard model (SM) gauge group was transcribed to the NC space-
time with two modifications; replacing the ordinary product between the SM
fields by a star one and expanding the NC fields in terms of the ordinary re-
lated gauge boson and the corresponding fields via Seiberg-Witten maps [9].
It has been shown that this approach cannot bypass the NC no-go theorem
restrictions [10]. Second, the gauge group is restricted to U?(n) but the sym-
metry group of the SM is achieved by the reduction of U?(3)×U?(2)×U?(1)
down to NCSU(3)×NCSU(2)×U(1) through appropriate symmetry break-
ing mechanisms [1]. Since this model includes new degrees of freedom in com-
parison to the SM, hereafter we will call it non-minimal NC SM (nNCSM).
The representations of matter fields in this model are chosen in such a way
that the NC no-go theorem is respected (in particular the charge quantiza-
tion is solved). However, it has been shown that the unitarity is violated
due to the new symmetry reductions [11]. For instance, in calculating the
amplitude of the process W+LW
−
L → W+LW−L , although the leading orders,
O(s2/M4W ), are eliminated similar to the usual SM, the sub-leading orders,
O(s/M2W ), remain. Of course, it is noticeable that this anomaly is removed
in the commutative limit.
In this paper, we ignore the NC modifications for simplicity and study
the compatibility of new symmetry reductions with electroweak Higgs mecha-
nism in nNCSM (It is better we use the abbreviation nSM instead of nNCSM
when we ignore NC modifications). The coupling of new gauge bosons in
nSM to the Higgs doublet causes them not to be independent from each
other. Therefore, there is room for studying the electroweak Higgs mecha-
nism in this theory. The Goldestone boson equivalence theorem (GBET),
which is a consequence of spontaneously symmetry breaking, is a criterion
of consistency of Higgs mechanism. Hence, we study the GBET for this
purpose.
We know that through the Higgs mechanism, the unphysical particles
well known as Goldestone bosons are eliminated and the longitudinal com-
ponents of massive gauge bosons are created. In other words, the Goldestone
bosons are eaten by the massive gauge bosons. Hence, one can show that
in high energy limit, the amplitude for emission or absorption of a longitu-
dinally polarized gauge boson becomes equal to the amplitude for emission
or absorption of the Goldestone boson that had been eaten. This statment,
well known as the equivalence theorem, is a consequence of a spontaneously
symmetry breaking via a gauge invariat manner [12, 13].
In order to study the GBET, as an example, we consider the process
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W+LW
−
L → W+LW−L and obtain its amplitude in high energy limit2. In ad-
dition, we obtain the amplitude of the process ω+ω− → ω+ω− in which ω±
are the Goldestone bosons eaten by W± during the Higgs mechanism in high
energy limit. According to the GBET, they must be equal.
The paper is organized as follows: In Section 2, we give a brief review of
the nSM. In section 3, we consider the W+LW
−
L → W+LW−L scattering and give
the corresponding amplitude order by order with respect to s/M2W . In section
4, we give the Lagrangian of Higgs sector after symmetry breaking and discuss
the gauge fixing approach. In addition, the equivalence theorem is mentioned
and we write the amplitude of ω+Lω
−
L → ω+Lω−L and the equivalence theorem
is also discussed. Finally, we summarize our results in the last section.
2 A brief review of nSM
According to the NC no-go theorem, the NC gauge group is restricted to
U?(n) and permissible representations are fundamental, anti-fundamental
and adjoin representation. In particular, in the case of U?(1) only charges ±q
and 0 can be accommodated. Moreover, if we have a gauge group which is a
direct product of multi simple groups, the matter fields can be charged under
at most two of them. Therefore, to construct the SM consistent with these
restrictions, we have to start with U?(3)×U?(2)×U?(1) gauge group which is
larger than the usual SM one (as we said this model is called nNCSM). The
charge quantization problem can be solved by reduction of the addition sym-
metry through appropriate Higgs mechanisms [1]. Fortunately, the number
of possible particles which can be accommodated in nNCSM is equal to the
number of matter fields in the SM with different hyper-charges. However,
it has been shown that the tree level unitarity is violated due to the non-
commutative space-time [11]. Moreover in this paper we are going to study
the electroweak spontaneously symmetry breaking at the commutative level.
Therefore, in this section we give a brief review of the commutative version
of the U(3)× U(2)× U(1) model which we called nSM.
There are six possible matter fields in this model; left-handed lepton dou-
blet, right-handed charged lepton, left-handed quark doublet, right-handed
up quark, right-handed down quark and Higgs doublet, which transform un-
2Since the masses of new gauge bosons, MW 0 and MG0 , appear in relevant amplitudes,
we need to consider the energies larger than these mass scales which determine the scales
of new symmetry breaking mechanisms.
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der the SM gauge group, respectively, as follows:
ΨlL(x) ≡
( ν(x)
e(x)
)
L
→ v−1(x)V (x)ΨlL(x) (3)
eR(x)→ v−1(x)eR(x) (4)
ΨqL(x) ≡
( u(x)
d(x)
)
L
→ V (x)ΨqL(x)U−1(x) (5)
uR(x)→ v(x)uR(x)U−1(x) (6)
dR(x)→ dR(x)U−1(x) (7)
H(x) ≡
( H+(x)
H0(x)
)
→ V (x)H(x), (8)
where v(x), V (x) and U(x) are, respectively, U(1), U(2) and U(3) gauge
transformation. These transformations along with the following transforma-
tion for the gauge fields:
Bµ → Bµ + i
g 1
v∂µv
−1, (9)
Wµ → UWµU−1 + i
g 2
U∂µU
−1, (10)
Gµ → V GµV −1 + i
g 3
V ∂µV
−1, (11)
where Bµ, Wµ and Gµ are U(1), U(2) and U(3) gauge fields, respectively,
define the U(3) × U(2) × U(1) gauge theory including gauge and Yukawa
interactions. Of course, conservation of the gauge symmetry in the Yukawa
interactions for the up quark leads to the following gauge transformation for
the charge conjugated of doublet Higgs field:
HC → v−1(x)V (x)HC . (12)
Now, we have to reduce U(3)×U(2)×U(1) gauge group to the SU(3)×
SU(2) × U(1) via appropriate Higgs mechanisms. In fact, U(n) group can
be decomposed as follows
U(n) = Un(1)× SU(n), (13)
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where Un(1) and SU(n) are the Abelian and non-Abelian elements, respec-
tively. In other words, the elements of U(n) can be uniquely written as
U(x) = ei0(x)1neia(x)T
a
. (14)
We can reduce the three U(1)’s in U(3) × U(2) × U(1) gauge group to one,
using two scalar fields (called Higgsac). One of them is used to reduce factors
U3(1) and U2(1) to an Ablian U32(1) and the other to reduce U32(1) and U1(1)
to the final Ablian U(1). Consequently, the former has the charges of U3(1)
and U2(1) and the later has the charges of remained U(1) from the recent
symmetry reduction U23(1) and U1(1). Hence, the gauge transformation of
the Higgsac field for the first symmetry breaking is
φ1(x)→ U3(x)φ1(x)V −12 (x), (15)
and for the second one is
φ2(x)→ U32(x)φ2(x)v−11 (x), (16)
where U3(x) ∈ U3(1), V2(x) ∈ U2(1), U32(x) ∈ U32(1) and v1(x) ∈ U1(1).
Until now, we have given the gauge transformations of various fields in
the nSM. The interactions of the gauge, fermionic, Higgs, and Yukawa sectors
can be written as follows:
The gauge sector: In the nSM, we have gauge field Bµ(x), that is
valued in the u(1) algebra, the u(2)-valued gauge fields
Wµ(x) =
3∑
A=0
WAµ (x)σ
A, (17)
where σi, i=1,2,3, are 2 × 2 Pauli matrices and σ0 = 12×2 and u(3)-valued
gauge fields
Gµ(x) =
8∑
A=0
WAµ (x)T
A, (18)
where T i, i=1,2...8, are 3 × 3 Gell-Mann matrices and T 0 = 13×3. Using
the gauge field transformations, (9), one can show that the field strengths
defined by
Bµν = ∂[µBν], (19)
Wµν = ∂[µWν] + ig2[Wµ,Wν ], (20)
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Gµν = ∂[µGν] + ig1[Gµ, Gν ], (21)
transform as Bµν → Bµν , Wµν → VWµνV −1 and Gµν → UGµνU−1, respec-
tively. Consequently, the gauge invariant action of gauge sector is:
Sgauge = −1
4
∫
d4x(BµνBµν + tr(W
µνWµν) + tr(G
µνGµν)). (22)
Now, the gauge group has to be reduced down to SU(3) × SU(2) × U(1)
which is the SM gauge group. For this purpose, three commutative U(1)
subgroups in the U(3)× U(2)× U(1) are reduced into one. We chose one of
the Higgsacs denoted by φ1 to be charged under U(1) subgroups of U(3) and
U(2) according to (15). Therefore, we write the corresponding Lagrangian
as follows:
(Dµφ1)
†(Dµφ1) +m21φ
†
1φ1 −
λ1
4!
(φ†1φ1)
2, (23)
with
Dµφ1 = ∂µφ1 +
i
2
3g3G
0
µφ1 −
i
2
2g2φ1W
0
µ . (24)
The remaining U(1) from the recent symmetry reduction along with the ini-
tial U(1) are reduced down to the final U(1). This mechanism is performed
through the coupling of the other Higgsac denoted by φ2 with residual mass-
less gauge field from the previous symmetry reduction, B′µ, and the gauge
field of the initial U(1), Bµ, given by
(Dµφ2)
†(Dµφ2) +m21φ
†
2φ2 −
λ2
4!
(φ†2φ2)
2, (25)
with
Dµφ2 = ∂µφ2 +
i
2
g0B
′
µφ2 −
i
2
g1Bµφ2, (26)
where g0 = 2g23g3/
√
(2g2)2 + (3g3)2. The initial gauge fields G
0
µ, W
0
µ and
Bµ are written with respect to mass eigenstate fields G
0
µ
′
and W 0µ
′
and hyper-
photon field Yµ as follows: G0µW 0µ
Bµ
 = R23R11′
 G0µ′W 0µ ′
Yµ
 , (27)
where
R23 =
 cos δ23 sin δ23 0− sin δ23 cos δ23 0
0 0 1
 , R11′ =
 1 0 00 cos δ11′ sin δ11′
0 − sin δ11′ cos δ11′
 ,(28)
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and δ23 and δ11′ are defined, respectively, as follows:
tan δ23 =
2g2
3g3
, cot δ11′ =
2g23g3
g1
√
(2g2)2 + (3g3)2
. (29)
Fermionic sector: After symmetry reductions, the gauge fields corre-
sponding to U(1) factors have to be written with respect to the mass eigen-
state gauge fields; G0µ
′
, W 0µ
′
, and hyper-photon Yµ (see Eq. (27)). Comparing
the hyper-photon coupling with its correspondence in the usual SM, we see
that the charge quantization problem inheriting from NC no-go theorem is
solved. We list the Lagrangian of each fermion family and find the relations
between the couplings g1 and g2 and the SM hyper-photon coupling g
′.
1-Right-handed electron
e¯RγD
1
µeR = e¯Rγ
µ∂µeR − i
2
g1e¯Rγ
µeRBµ. (30)
Writing Bµ in terms of Yµ and W
0
µ
′
from (27) and comparing it with the
usual SM, we find
−1
2
g1 cos δ11′ = g
′YeR
2
= −g′, (31)
where the hyper-charge of right-handed electron, YeR , is taken -2.
2-Left-handed leptons
Ψ¯lLγ
µD1+2µ Ψ
l
L = Ψ¯
l
Lγ
µ∂µΨ
l
L +
i
2
g2Ψ¯
l
Lγ
µWµΨ
l
L −
i
2
g1Ψ¯
l
Lγ
µΨlLBµ. (32)
Here, inserting Bµ and W
0
µ from (27) in terms of Yµ, W
0
µ
′
and G0µ
′
and
comparing it with the usual SM we can write
g2
2
cos δ23 sin δ11′ − g1
2
cos δ11′ = g
′Y
l
L
2
= −g
′
2
, (33)
where Y lL = −1 is the hyper-charge of left-handed leptons.
3-Right-handed up quark
u¯Rγ
µD1+3µ uR = u¯Rγ
µ∂µuR +
i
2
g1u¯Rγ
µBµuR − i
2
g3u¯Rγ
µTAuRG
A
µ . (34)
Similarly, Bµ and G
0
µ in terms of Yµ, W
0
µ
′
and G0µ
′
are read from (27). Com-
paring with the SM, one finds
−g3
2
sin δ23 sin δ11′ +
g1
2
cos δ11′ = YuRg
′ =
4
3
g′, (35)
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where YuR =
4
3
is the hyper-charge of the up quark.
4-Right-handed down quark
d¯Rγ
µD3µdR = d¯Rγ
µ∂µdR − i
2
g3d¯Rγ
µTAdRG
A
µ . (36)
The hyper-charge of right-handed quark, YdR = −23 , is obtained as follows:
−g3
2
sin δ23 sin δ11′ = YdRg
′ = −2
3
g′. (37)
5-Left-handed quarks
Ψ¯qLγ
µD2+3µ Ψ
q
L = Ψ¯
q
Lγ
µ∂µΨ
q
L +
i
2
g2Ψ¯
q
Lγ
µWµΨ
q
L −
i
2
g3Ψ¯
q
Lγ
µΨqLGµ. (38)
The hyper-charge of the doublet of left-handed quarks, Y qL =
1
3
, is obtained
as follows:
g2
2
cos δ23 sin δ11′ − g3
2
sin δ23 sin δ11′ = Y
q
Lg
′ =
1
3
g′. (39)
Higgs doublet: The massive particles in the SM achieve their masses
from the interaction with a Higgs doublet,
(DµH)
†(DµH)−V (H) = (∂µH+ i
2
g2WµH)
†(∂µH+
i
2
g2W
µH)−V (H), (40)
with
V (H) = µ2H†H + λ(H†H)2, (41)
From the coupling Yµ to H before the spontaneous symmetry breaking one
can conclude that
g2 cos δ23 sin δ11′ = g
′. (42)
Moreover, the Higgs doublet before the symmetry breaking is as follows:
H =
1√
2
( −i(h1 − ih2)
v + (h+ ih3)
)
=
1√
2
(
χ
v + (h+ iχ0)
)
, (43)
where v =
√
−µ2
λ
is the vacuum expectation value of Higgs h. After symmetry
breaking the Higgs mass is Mh =
√−2µ2.
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Yukawa interactions: The generation of fermion masses after SM sym-
metry breaking is due to the gauge invariant Yukawa interactions between
SM massive fermions and doublet Higgs
Ψ¯LΦψR + Ψ¯LΦ
CψR + c.c., (44)
where Ψ¯L and ψR denote a left-handed doublet fermion and a right-handed
fermion in general, respectively. Charged leptons and down quarks achieve
their masses through the first term and up quarks do so through the other.
3 W±L process
The SM does not suffer from the tree level unitarity violation. It is as a result
of the appropriate Higgs mechanism. Namely, in the case of W+LW
−
L →
W+LW
−
L process, the leading order (O(s2/M4W )) is eliminated because the
coupling of photon and Z0 to charged gauge bosons W± are gsW and gcW ,
respectively. Moreover, the relation MZ0cW = MW along with the above
conditions lead to elimination of the sub-leading order (O(s/M2W )). In the
nSM, there are two new neutral gauge bosons G0 and W 0 in addition to the
photon and Z0. However, since these new gauge bosons do not couple to
W± in commutative space-time, the conditions are similar to the usual SM.
Otherwise, in the NC space-time, new neutral gauge bosons contribute, for
instance, in W+LW
−
L → W+LW−L process as mediators. It has been shown that
while the leading order is removed similar to usual SM, the sub-leading terms
remain due to the NC induced interactions and the unitarity is violated [11].
As we said, in the commutative level, new gauge bosons G0 and W 0 do
not couple to W±. Therefore, the amplitude of W±L in the nSM is equal to
one in the SM. Here, we review it order by order. The relevant Feynman
rules for W±L process is as follows
3:
3Hereafter, we use the following abbreviations: g2 → g, cos θW → cW , sin θW → sW ,
sin θ23 → s23, cos θ11′ → c11, sin θ11′ → s11
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= ig2[2gαγgβδ − gαδgβγ − gαβgγδ], (45)
= −igcW [(p1 − p2)ρgµν + (p2 − p3)µgνρ (46)
+(p3 − p1)νgµρ],
= −igsW [(p1 − p2)ρgµν + (p2 − p3)µgνρ (47)
+(p3 − p1)νgµρ],
= igmWgµν . (48)
W±L scattering at the tree level proceeds through the diagrams in Fig. 1.
The exchanged vector boson, V , in a2 and a3 is either photon or Z0. The
leading order O(s2/M4W ) and sub-leading order O(s/M2W ) vanish consistently
with tree level unitarity theorem.
11
Figure 1: The leading order Feynman diagrams for W±L scattering.
In the high energy limit, the sub-sub leading order, independent of (s/M2W ),
is obtained as follows:
−ig
2M2h
2M2W
+
ig2
4c2W
3 + cos2 θ
1− cos θ . (49)
According to the equivalence theorem, one expects it to be equal to the
amplitude of ω+ω− → ω+ω− in which ω± are the corresponding Goldestone
bosons.
4 The Equivalence Theorem and Goldstone
Boson Amplitude
The number of degrees of freedom has to be conserved during the Higgs
mechanism. A massless gauge boson has two transverse polarization states.
It combines with a scalar Goldstone boson to produce a massive gauge field,
which has three polarization states. In other words, the unphysical Goldstone
boson is converted to the physical longitudinal polarization of the vector
boson. Therefore, one expects that the amplitude for emission or absorption
of a longitudinally polarized gauge boson becomes equal to the amplitude for
emission or absorption of the corresponding Goldstone boson in high energy
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limit
M(W+L ,W−L , Z0L, ..) =M(ω+L , ω−L , ω0L, ..) +O(M0W/s). (50)
This statement, which is known as the equivalence theorem in general, re-
quires the invertibility of the transformations which is the mapping Goldstone
bosons to the longitudinal polarization of the vector boson [12, 13].
In the nSM, after electroweak symmetry breaking one can write the La-
grangian of the interactions between the Higgs doublet and the U(2) gauge
bosons as follows:
(DµH)
†(DµH) =
1
2
{
|∂µχ+ ( −ig2
2
s23G
0
µ +
ig2
2
c23c11W
0
µ +
i
2
(g2cW − g′sW )Z0µ
+ieAmu)χ+
i√
2
gWµ(v + h+ iχ
0)|2
+| ig2√
2
W †µχ+ ∂µh+ i∂µχ
0 + (−ig2
2
s23G
0
µ +
ig2
2
c23c11W
0
µ
− i
2
(g2cW + g
′sW )Z0µ)(v + h+ iχ
0)|2
}
(51)
In order to remove the unphysical degrees of freedom, according to the
Faddeev-Popov approach, we define the following gauge fixing constraints:
GW =
1√
ξ
(∂µW
µ − i
√
2ξMWχ), (52)
GZ0 =
1√
ξ
(∂µZ
0µ + ξMZ0χ
0), (53)
GG0 =
1√
ξ
(∂µG
0µ + ξs23MWχ
0), (54)
and
GW 0 =
1√
ξ
(∂µW
0µ − ξc23c11MWχ0). (55)
It is not possible to satisfy (54) and (55), firstly because the gauge freedoms
of G0 and W 0 are fixed through the Higgac mechanism and secondly because
χ0 is used to fix the gauge freedom of Z0µ. This problem shows that in the
nSM, the correspondence between χ0 and the longitudinal polarization of Z0,
W 0 and G0 is not invertible and consequently the GBET is violated.
In the last section, we obtained the amplitude of the W±L scattering. Now,
in order to check the GBET, we obtain the amplitude of the corresponding
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process in which the external line particles W±L are replaced by the Golde-
stone bosons ω±. The relevant Feynman rules are:
= −ig
2M2h
2M2W
, (56)
=
ig
2
(sW + c23s11cW )(p2 − p1)ρ, (57)
=
ig
2
(cW − c23s11sW )(p2 − p1)ρ, (58)
=
ig
2
c23c11(p2 − p1)ρ, (59)
= −ig
2
s23(p2 − p1)ρ, (60)
= −ig
2M2h
4M2W
v. (61)
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Figure 2: The leading order Feynman diagrams for ω+ω− → ω+ω−
We see that G0µ and W
0
µ interact with ω
± directly. According to the
leading order diagrams shown in Fig. 2, we obtain the amplitude of ω+ω− →
ω+ω− in high energy limit as follows:
−ig
2M2h
2M2W
+
ig2
4
3 + cos2 θ
1− cos θ . (62)
The coefficient of the second term is different from corresponding expression
for the sub-sub-leading order amplitude of W±L scattering, relation (49). It
shows that the GBEQ is violated in the nSM.
5 Discussion and conclusion
There is a no-go theorem in NC space-time which restricts the gauge theory
[8]; gauge groups are limited to U?(n), fundamental, anti-fundamental, and
adjoint representations are permissible, and when a gauge group is a direct
products of some simple groups U?(n), a field can have at most two charges of
them. Therefore, transcribing of SM, which is based on U(1)×SU(2)×SU(3)
gauge group, in NC space-time is problematic. There are two approaches
to overcome it [1, 9]. In one of them which we called nNCSM, one starts
with U?(1) × U?(2) × U?(3), then using appropriate symmetry reduction,
we receive the NC version on SM gauge group [1]. However, the tree level
unitarity is violated in this model. By studying a various gauge theory with
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spontaneously symmetry breaking, it was guessed that this violation which is
omitted in the commutative limit comes from the Higgsac mechanisms [11].
In this paper, we ignored the NC modifications and investigated whether
the electroweak symmetry breaking in the nSM is compatible with the Hig-
gsac mechanisms. In fact, the coupling of massive gauge bosons G0 and W 0
to the electroweak Higgs doublet causes the dependence of these mechanisms.
We see that the gauge fixing conditions (53), (54) and (55) cannot be compat-
ible simultaneously. This problem leads to the equivalence relation between
the Goldestone bosons of Higgs doublet and the longitudinal polarization of
massive gauge bosons not to be invertible. Hence, the GBET is violated in
the nSM. For instance, we considered W±L scattering and obtained its ampli-
tude (Eq. (49)). Naturally, it is completely similar to the SM because the
new generators commute with the SM ones. Then we obtained the ampli-
tude for the ω± scattering (Eq. (62)) (ω± is the Goldestone boson eaten by
W±). Comparing Eq. (49) and Eq. (62), we see that ω± amplitude is not
identical to W± one. Therefore, although we can construct the NCSM base
on U(3)×U(2)×U(1) such that it is consistent with the NC no-go theorem,
the new symmetry reductions are not compatible with the electroweak Higgs
mechanism even in the commutative level.
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